Osteoporosis has been defined as a metabolic bone disease characterized by a loss of bone mineral density (BMD) greater than 2.5 standard deviations below young adult peak bone mass or the presence of fracture. By considering that some factors related to female reproductive system might influence the ultimate risk of osteoporosis, we aimed to investigate if a relationship exists between the present BMD of postmenopausal women with their past and present reproductive characteristics. The present study focused on how BMD could be affected by the following factors in postmenopausal women, such as age at menarche, age at first pregnancy, the number of pregnancies and total breast-feeding time. We reviewed detailed demographic history of 303 postmenopausal women. According to the results of the present study, a negative correlation was found between the number of parities and BMD. The BMD values decreased as the number of pregnancies increased. When the BMD values for lumbar vertebrae 2 and Ward's triangle were investigated, it was observed that a significant difference exists between the women with no child birth and those with more than five parities. There was a significant relationship between age at first pregnancy and BMD values at the lumbar vertebrae 2 and Ward's triangle. Women who had five or more abortions were found to have significantly lower spine BMD values compared to women who had no abortions or women who had one or two abortions. These findings indicate that the increased risk of osteoporosis is associated with the increased number of pregnancies and abortions and higher age at first pregnancy.
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The impact of menopause on bone turnover has been generally well studied and illustrated (Lissner et al. 1991; Cuming and Klineberg 1993; Parazzini et al. 1996) . As clinical guidelines and public health policies are being formulated, there is a compelling need for further investigation regarding the relation between breast feeding, age at menarche, age at first pregnancy, number of pregnancies, bone mineral density (BMD) and subsequent risk of osteoporosis. A better understanding of this relation may provide new opportunities for early intervention, and, may, ultimately, help prevent the bone loss in postmenopausal women.
The duration of reproductive years is more helpful than age at menopause, in determining the pendent of calcium intake during breast feeding. It has been reported that six months of breast feeding results in a loss of approximately 7% in maternal bone mass. If breast feeding is ceased before nine months, there appears to be a full recovery of bone mass within the 18 months postpartum (Sowers 2001) .
The aim of the present study was to assess the influence of some reproductive factors such as the number of pregnancies, total breast-feeding time, age at first pregnancy and age at menarche on BMD values.
METHODS
Three hundred and three postmenopausal women, admitted to the Osteoporosis Unit of the Physical Medicine and Rehabilitation Department of Trakya University were included in the study.
The study was approved by the Ethical Committee of the Trakya University Medical Faculty.
The detailed demographic history of all patients was recorded. A structured interview was used to obtain information on reproductive histories of all the patients. BMD values, duration of breast-feeding, age at menarche, age at first pregnancy, number of pregnancies and number of abortions were recorded (Table 1) . The sample consisted of patients who experienced menopause over the age of 40, and patients with early or secondary menopause were excluded from the sample.
The postmenopausal patients were divided into four groups on the basis of the number of pregnancies; nullipare (n = 24), one or two parities (n = 136), three or four parities (n = 106), and five or more parities (n = 37) ( Table 2 ). The patients were also grouped on the basis of number of abortions; no abortion (n = 124), one or two abortions (n = 122), three or four abortions (n = 43) and five or more abortions (n = 14). Total duration of breast feeding of the patients was recorded in months.
Measurements of bone mass were performed by dual-energy X-ray absorptiometry (DEXA), (Norland XR 36, Norland Medical Systems Inc., Fort Atkinson, WI USA) at the lumbar spine, femoral neck, trochanter and Ward's triangle (an area just distal to the intersection of these two sets of trabeculae in the femoral neck).
Statistical analysis was performed using SPSS 10.0 software. The demographic findings were reported in terms of the mean and the standard deviation values. Between groups comparisons were conducted using presence of increased risk of osteoporosis in women (Kritz-Silverstein and Barrett-Connor 1993) . Several determinants such as genetic predisposition, some reproductive factors and life style may, as well, play a role in the development of primary osteoporosis. Some of the reproductive factors that may have an effect on peak bone mass and bone loss, are age at menarche, age at first pregnancy, number of pregnancies and duration of breast feeding. Previous studies have shown a positive correlation between age at menopause and BMD, and a negative correlation between age at menarche and BMD (KritzSilverstein and Barrett-Connor 1993; Forsmo et al. 2001) . Menarche may be having a stimulating effect on the development of bone by increasing the osteoblastic activity via accompanying the unsettled estrogen (Jaffe and Dell'Acqua 1985; Ito et al. 1995) . The underlying mechanism regarding the effects of age at menarche on bone development and the density has not been completely explained, yet. However, a number of studies have been carried out investigating the relation between BMD and age at menopause and the length of the reproductive period (Osei-Hyiaman et al. 1998) .
Findings about the relation between parity and BMD are controversial (Gur et al. 2003) . Evidence shows that pregnancy at an earlier age, as both the mother's and the fetus's skeletons are concurrently maturing, may result in lower bone density and increased risk for perimenopausal bone loss (Sowers 2001) .
Breast-feeding may pause a significant stress on calcium metabolism and, consequently, have an impact on the bone metabolism. The duration and frequency of breast feeding are of the most significant factors affecting BMD and bone metabolism. Long-term breast feeding is associated with increased bone loss (Melton et al. 1993; DeSantiago et al. 1999; Glerean and Plantalech 2000; Popivanov and Boianov 2002; Grimes and Wimalawansa 2003) . During breast feeding the efficiency of maternal calcium absorption does not increase and renal calcium reabsorption is increased only slightly. It has been reported that the skeletal response to breast feeding may be inde-Student t-test, Mann-Whitney's U-test and one-way analysis of variance (ANOVA). Pearson Correlation analysis was used in the evaluation of correlations. Findings with a p value of less than 0.05 were considered to be statistically significant.
Between groups comparisons were conducted on the basis of number of parities, duration of breast feeding, age at first menarche, and age at first pregnancy. A multiple linear regression analysis was performed to examine the combined effects of reproductive factors on DEXA variables.
RESULTS
The sample consisted of 303 patients, who were randomly chosen from post menopausal women who were admitted to the Osteoporosis Unit of the Physical Medicine and Rehabilitation Department of Trakya University. The age of the patients varied between 43 and 80. Table 1 shows the mean values for age, age at menarche, age at menopause, duration of menopause, number of pregnancies, breast-feeding time, age at first pregnancy and BMD values of the patients (Table 1) .
When the age of the patient and the BMD results were evaluated, a negative correlation was observed. Results showed that, there was a significant negative correlation between the patients' age and the T scores of lumbar vertebrae 2 (L 2 ) femur neck, trochanter and Ward's triangle (p < 0.05, r = -0.128, r = -0.363, r = -0.223, r = -0.433, respectively). There was no significant correlation between the age at menarche and BMD values for the spine and femur sites (p > 0.05).
Patients were categorized into four groups on the basis of their age as follows: 41 -50 (n = 44), 51 -60 (n = 127), 61 -70 (n = 101) and 71 -80 (n = 31). When the correlation between the BMD values and the menarche age within these groups were separately evaluated, no significant correlation was observed in any one of the groups (p > 0.05). No significant correlation was established between age at menopause and the BMD values in any region (p > 0.05 for all areas).
A significant negative correlation was found between the duration of menopause and the BMD measurement results obtained from L 2 , femur neck, trochanter and Ward's triangle (p < 0.05 in all areas, r = -0.147, r = -0.319, r = -0.196 and r = -0.375, respectively).
The mean value of body mass index (BMI) of the patients was found to be 28.54 ± 4.29. Significant positive correlations were found between BMI and the T scores of some regions (p < 0.05, r = 0.374 for L 2-4 ; r = 0.367 for L 3 ; r = 0.424 for L 4 ; r = 0.406 for femur neck; r = 0.506 The number of patients who had given live births was 279. Significant negative correlations were found between the number of pregnancies and BMD values for the spine and femur (neck, trochanter) in this group (p < 0.05, r = -0.213 for L 2-4 , p < 0.05, r = -0.234 for L 2 ; p < 0.05, r = -0.256 for L 3 ; p < 0.05, r = -0.150 for L 4 ; p < 0.05, r = -0.226 for femur neck; p < 0.05, r = -0.221 for trochanter and p < 0.05, r = -0.314 for Ward's triangle).
When the BMD values for L 2 and Ward's triangle were considered, a significant difference was found between the nulliparaous women and those with more than five parities, (p < 0.05, Z = -2.42 for L 2 ; p < 0.05, Z = -3.10 for Ward's triangle). However, no significant difference was observed between the nulliparaous women and women with 1 -2 and 3 -4 parities (p > 0.05).
The BMD values of all the sites in one-to-twoparity groups were significantly higher than those of the other groups (Table 2) .
It was observed that there was no significant difference between patients with one or two parities and three or four parities (p > 0.05). However, a statistically significant difference was observed between patients with one or two parities and patients with five or more parities, in respect to the T score obtained from all regions except L 4 (p < 0.05, Z = -2.59 for L 2-4 , p < 0.05, Z = -2.88 for L 2 ; p < 0.05, Z = -3.16 for L 3 ; p < 0.05, Z = -3.08 for femur neck; p < 0.05, Z = -3.72 for trochanter and p < 0.05, Z = -4.27 for Ward's triangle) ( Table 2) .
The BMD values obtained from all the regions of the three or four abortions group were significantly higher than the BMD values of the five or more abortions group (p < 0.05, Z = -2.76 for L 2-4 , p < 0.05, Z = -2.84 for L 2 ; p < 0.05, Z = -2.83 for L 3 ; p < 0.05, Z = -2.42 for L 4 ; p < 0.05, Z = -2.15 for femur neck; p < 0.05, Z = -3.24 for trochanter and p < 0.05, Z = -2.65 for Ward's triangle) ( Table 2) .
There was a significant positive correlation between age at first pregnancy and the BMD measurement results obtained from L 2 and Ward's triangle (p < 0.05, r = 0.130 for L 2 ; p < 0.05, r = 0.207 for Ward's triangle).
The ratio of breast feeding within the sample was found to be 90.75% (n = 275). A significant negative correlation was found between the duration of breast-feeding and the BMD measurement results obtained from femur neck, trochanter and Ward's triangle (p < 0.05, r = -0.180; p < 0.05, r = -0.182; p < 0.05, r = -0.258, respectively).
When the history of abortion was analyzed, Group 1, nullipare; Group 2, one to two parity; Group 3, three to four parity; Group 4, five and more than five parity. no significant differences were observed among no abortion, 1 -2 abortions, and 3 -4 abortions groups with respect to the BMD values at any one of the sites (p > 0.05). However, in the 5 or more abortions group, spine BMD values appeared to be significantly lower than those of no abortion and 1 -2 abortions groups (p < 0.05).
The BMD values from the trochanter for 1 -2 abortions group were found to be significantly higher than those of 3-4 abortions group (p < 0.05).
The BMD values at the L 2-4 and L 3 for 3 -4 abortions group were found to be significantly higher than those of the 5 or more abortions group (p < 0.05).
All of the correlations between age, age at menarche, age at menopause, menopause duration, number of pregnancies, total breast-feeding time, age at first pregnancy and BMD values are shown in Table 3 (Table 3) .
DISCUSSION
A longer reproductive period, early menarche, and late menopause were associated with high BMD in postmenopausal women. Garn et al. (1986) observed that adolescents having the menarche at an earlier age were shorter, more heavy-built and had a shorter bone development period than those who have the menarche at a normal age. Rosenthal et al. (1989) have reported that late menarche age was a risk factor for low spinal BMD and that delayed puberty together with insufficient levels of hormone secretion during adolescence was related to osteopenia. Ito et al. (1995) observed that the age at menarche may have a strong association with peak bone mass, as suggested by the positive correlation of early menarche with high BMD. Gerdhem and Obrant (2004) have found that age at menarche or menopause seems to be of limited or no importance as a risk factor for osteoporosis when subjects were age 75 or older. In our study, we did not find any correlation between age at menarche and BMD values of the subjects whose ages were between 43 and 80.
It has been reported that women who have an early onset of menopause and a shorter reproductive period have significantly lower bone density at all sites (Kritz-Silverstein and BarrettConnor 1993; Forsmo et al. 2001) . In above mentioned study, as the early menopausal cases were excluded, it was not possible to investigate a possible relation between age at menopause and the BMD values at any region.
Despite the fact that there is a large body of research and case studies regarding the changes in BMD during pregnancy, the postpartum, and breast feeding period, the findings are still controversial about the time course of BMD changes and its recovery to the baseline levels. The degree to which BMD is affected by pregnancy in the long run still remains to be unclear. Several prominent factors, including breast-feeding, length of amenorrhea after pregnancy, and parity, have been studied with respect to changes in BMD in samples of healthy women. There is a body of strong evidence that calcium is mobilized from the maternal skeleton to that of the developing fetus during pregnancy. However, the eventual return of BMD to prepregnancy values suggests that maternal bone loss may not be permanent. Findings of the studies that specifically evaluate the effects of breast feeding on BMD, vary ranging from a decrease in BMD to no change. Of the studies that evaluate the effect of parity on BMD, no association was found linking the number of pregnancies to a decrease in BMD.
Pregnancy-associated osteoporosis seems to be uncommon, however, our knowledge is based on a limited resource of published reports (Khastgir and Studd 1994; Eisman 1998) . Additional longitudinal studies need to be undertaken to provide more definitive information on the effects of pregnancy on BMD and risk of osteoporosis in the later stages of life (Bererhi et al. 1996; Ensom et al. 2002) . Fox et al. (1993) have observed a 1.4% increase in the distal radius bone density with every pregnancy. In a study carried out by Hoffman et al. (1993) , where the relation between parity and the risk of fracture was investigated, it was stated that among women who had three or more children, the risk of fractures were 35 -40% lower than that of nulliparous women. Matsushita et al. (2002) have found that an increased number of pregnancies was not related to a decrease the maternal lumbo-vertebral BMD. Kojima et al. (2002) have put forward the argument that reproductive factors such as breast feeding and parity are not the major determinants of BMD in the postmenopausal stage. Gur et al. (2003) 's study indicates that there is a significant correlation between the number of pregnancies and the spine, trochanter, and Ward's triangle BMD, but there is no significant correlation for the femur neck BMD. Carranza-Lira and Mera (2002) found no significant correlation between the number of gestations, total breast-feeding time, time elapse since last birth, or T-scores at lumbar spine and femur.
When the present study is compared to the findings of other studies in the literature, it can be seen that the number of observed pregnancies in the sample is more than the other studies in general, and that first gestational ages of the subjects in this sample are generally lower than other studies. These findings may be due to the fact that subjects in this study's sample tend to have a relative lower educational level and have a limited knowledge about birth control methods. This may be assumed to be normal in a developing country.
According to the results of the present study, a negative correlation was found between number of parities and BMD. The BMD values decreased as the number of pregnancies increased. The findings bring into mind the possibility that sufficient amounts of calcium may not have been taken during pregnancy and breast feeding by the patients in the sample.
Number of abortions makes it difficult to evaluate the live birth's effect on the bone mass. If the gestation ends before the 26th week either medically or sporadically, the estrogen support from placenta will decrease. Furthermore, it must not be forgotten that the reason which causes the spontaneous abortion, also might be related to a hormonal disorder which affects bone mass. In our study, although the data collected was not conclusive enough to come up with an explanation as to the cause of the phenomenon, it was found that as the number of abortions increases, the BMD values decrease.
While animal studies suggest that pregnancy and breast feeding may be associated with skeletal calcium loss, the findings from different studies indicate that such factors have little long-term impact on bone mass in human beings and little potential for identifying an increased risk of osteoporosis in later stages of life (Melton et al. 1993 ).
The duration of breast feeding, might affect the maternal bone mass because it suppresses the hypothalamic-pituitary axis and may result in loss of fetal calcium supply from the mother (Zarate and Canales 1987; Glerean and Plantalech 2000; Holmberg-Marttila et al. 2000; Hadji et al. 2002) . Some studies suggest that breast feeding is not related to the BMD (Kritz-Silverstein et al. 1992; Fox et al. 1993 ). However, Aloia et al. (1983) , in their study, have found that with less breast-feeding, there was a significant increase in bone density. Chan et al. (1982) . investigated the effects of breast feeding on BMD levels in different-aged mothers and reported that there is a 15% bone loss in the mid-radius between the 2nd and the 16th gestational weeks in mothers between 13 -19 ages.
As a result of our society's structure and low socio economic statute level of the sample, a prolonged breast-feeding period is common. This is, also, due to the fact that it is believed that mother's milk is the most nourishing and cheapest nutritional source. The findings showing a significantly decreasing BMD values in the Ward's triangle may be boosted by this fact.
The present study suggests that the number of pregnancies, total breast feeding time and age at first pregnancy have an effect on the BMD values, however age at menarche had no significant relation to BMD. In addition, this study indicates that there is a significant correlation between the number of pregnancies, total breast feeding time and BMD values. Etiology of osteoporosis is multi-factorial. This fact makes it difficult to standardize patient groups in longitudinal studies and to evaluate an isolated risk factor in prospective scientific researches.
Age seemed to have an important effect on the results of our study. This may be due to a wide range of age of patients in the sample, ranging from 43 to 80. However, it should also be noted that the risk factors interact with each other, and it is not possible to extract a sole cause for the etiology of osteoporosis.
In conclusion, osteoporosis of pregnancy and breast feeding should be considered by the clinician and it requires a multi-disciplinary approach.
